Our view of anterior pituitary organization has been altered with the recognition that folliculo-stellate (FS) and somatotroph cell populations form large-scale three-dimensional homotypic networks. This morphological cellular organization may optimize communication within the pituitary gland promoting coordinated pulsatile secretion adapted to physiological needs. The aim of this study was to identify the molecules involved in the formation and potential functional organization and/or signaling within these cell-cell networks. Here, we have focused on one class of cell adhesion molecules, the cadherins, since b-catenin has been detected in the GH cell network. We have characterized, by qPCR and immunohistochemistry, their cellular expression and distribution. We have also examined whether their expression could be modulated during pituitary tissue remodeling. The mouse anterior pituitary has a restricted and cell-type specific repertoire of cadherin expression: cadherin-11 is exclusively expressed in TSH cells; N-cadherin displays a ubiquitous expression pattern but with different levels of expression between endocrine cell types; E-cadherin is restricted to homotypic contacts between FS cells; while cadherin-18 is expressed both in somatotrophs and FS cells. Thus, each cell type presents a defined combinatorial expression of different subsets of cadherins. This cell-type specific cadherin expression profile emerges early during development and undergoes major changes during postnatal development. These results suggest the existence within the anterior pituitary of cell-cell contact signaling based on a defined pattern of cadherin expression, which may play a crucial role in cellular recognition during the formation and fate of pituitary cell homotypic networks.
Introduction
The anterior pituitary is a complex endocrine gland that transfers information between the brain and peripheral tissues, playing a pivotal role in the regulation of physiological functions such as reproduction, metabolism, and growth. The pituitary harbors several types of endocrine cells that release their hormone pulses into the systemic blood circulation, with intermingled supportive folliculo-stellate (FS) cells. For many years, two-dimensional histological studies on pituitary sections showed a heterogeneously scattered distribution of endocrine cells throughout the parenchyma, although specific topographic affinities between heterotypical and homotypical hormone-producing cells have been reported (Allaerts et al. 1991 , Noda et al. 2001 , Denef 2008 . Pituitary cellular organization is now known to be much more ordered than was traditionally recognized. Cells are not randomly distributed throughout the gland, but are highly organized in homotypic three-dimensional network structures. For example, the non-endocrine FS cells and GH-secreting (GH) cells (the major population of endocrine cells) have been shown to form intermingled populations of homotypically connected cells (Fauquier et al. 2001 , Bonnefont et al. 2005 .
The FS cells are connected by gap junctions, and form
Similarly, three-dimensional analysis of the pituitary gland showed that GH cells form highly ordered strands and clusters of cells in homotypic contact throughout the organ, developing shortly after GH expression becomes apparent at embryonic day 16. Furthermore, the GH network organization is highly plastic and undergoes profound remodeling correlated with activity in the GH axis, in particular during puberty (Bonnefont et al. 2005) .
The presence of these organized homotypic networks could provide the basis for coordinating the activities of different members of the same endocrine cell population within the pituitary gland, to generate efficient 'gland-wide' episodic secretory responses to neuroendocrine signals from the hypothalamus. However, the mechanisms by which pituitary cells develop functional homotypic connections are far from clear. Different contact and signaling mechanisms in the pituitary include gap junctions, adherens junctions, integrin, and cadherin complexes (Soji et al. 1997 , Guerineau et al. 1998 , Ezzat & Asa 2005 , Paez-Pereda et al. 2005 . In addition to gap junctions, physical contacts between FS cells are mediated by adherens junctions (Soji et al. 1997) , and we have shown that adherens junctions between GH cells actually resist physical dissociation, revealing the strong homotypic robustness of the GH cell network (Bonnefont et al. 2005) .
Catenin/cadherin complexes are the transmembrane components of the adherens junction, and are therefore strong candidates for mediating both structural and signaling contacts between different pituitary cell types. Many members of the cadherin family are expressed in the developing vertebrate brain, where they play multiple roles during neuromorphogenesis (Redies et al. 2003 , Suzuki & Takeichi 2008 , and their expression marks specific neural circuits (Suzuki et al. 1997) . In endocrine tissues, cadherin roles are less well characterized, although E-cadherin regulates the adhesive properties of pancreatic b-cells, essential for their aggregation into islets (Dahl et al. 1996) , and has been proposed to be involved in cellular proliferation and regulation of insulin secretion (Bosco et al. 2007 , Carvell et al. 2007 ).
In the pituitary, E-and N-cadherins are known to be expressed in both normal and pathological tissues (Ezzat & Asa 2005 , Kikuchi et al. 2006 , and Rubinek et al. (2003) reported that pituitary cell-cell contact mediated by N-cadherin regulates GH secretion in vitro. Furthermore, when anterior pituitary cells are dissociated and cultured in suspension, they aggregate and form clusters after several days (Van der Schueren et al. 1982 , Denef et al. 1989 , Noda et al. 2003 ; cell adhesion molecules are likely to be key components in this reaggregation process. Since the pituitary is constituted of several different cellular types and its relative composition is highly plastic, we reasoned that there could be specific patterns of expression of cadherins that mediate and sustain the identities of contacting cells in their networks, with the potential of also contributing to functional signaling within the gland.
To begin to identify such molecular components, we analyzed both the expression and distribution of classic cadherins within the gland, and in purified cell populations. We have focused our studies during embryonic development, the postnatal period and between 15 and 150 days of life, periods that cover both the development of the established networks of FS and GH cells and the plasticity and profound remodeling of the gland that occur during sexual maturation.
Materials and Methods

Animals
Experiments were performed on C57BL/6J mice, either wild-type or hemizygous for a GH-eGFP transgene, driving GFP expression specifically in somatotrophs (Magoulas et al. 2000) . In some experiments, GHRH-M2 mice, in which M2 viral channel is targeted in GHRH neurons, were used (Le Tissier et al. 2005) . Animals were fed a normal diet and had free access to tap water. All animal studies complied with the animal welfare guidelines of the European Community. They were approved by the Languedoc Roussillon Institutional Animal Care and Use Committee (#CE-LR-0818).
Isolation of GH-secreting cells by FACS analysis
Pituitary glands were dissected from 15 to 150-days-old male GH-eGFP mice (nZ10-30) and the neurohypophysis and intermediate lobe were removed. Glands were cut into small pieces in DMEM-F12 media, and then incubated at 37 8C for 25 min with trypsin (0 . 5%). After two successive incubations in HBSS C2 mM EDTA (5 min at 37 8C) and then in HBSS C1 mM EDTA (15 min at 37 8C), cells were mechanically dissociated with repeated gentle trituration using Pasteur pipettes. GH positive (GHC) cells were isolated from the other cell types (GH negative, GHK) by FACS (FACS Aria, BD Biosciences, Le Pont de Claix, France). Three independent experiments were performed at each age studied. The percentages of GHC cells in the total cell population, measured during FACS analysis for the different groups of animals were: 27 . 7G2 . 33% for 15-days-old mice; 36 . 7G1 . 64% at 30 days; 41 . 9G0 . 5% at 70 days; and 39 . 4G1 . 74% at 150 days. The number of GH cells purified from mature animals are in good agreement with previous studies (Sasaki & Iwama 1988 , Gubkina et al. 2001 .
Real-time quantitative PCR
Total RNA was extracted from GHC and GHK cells (or whole glands) and treated with DNase I using the RNA easy extraction kit (Qiagen). RNA (300 ng) was reverse transcribed using Superscript III reverse transcriptase (Invitrogen) and 250 ng of random hexamer (Amersham Biosciences Europe) in a final volume of 20 ml. Real-time PCR analyzes of the classic cadherin family genes and Hprt, used as internal standard, were performed by SYBR Green PCR master mix (Applied Biosystems, Foster City, CA, USA) with 1:200 of the reverse transcription reaction (final volume 10 ml), and were carried out on a ABI 7500 Sequence Detector (Applied Biosystems). Primers for cadherins and Hprt were designed with Primer Express software (Applied Biosystems), and their sequence specificity was then verified with the BLAST program. Primer sequences for cadherins and Hprt are given in Supplementary Table 1 , see Supplementary data in the online version of the Journal of Endocrinology at http://joe.endocrinology-journals.org/cgi/content/full/ JOE-09-0153/DC1. Primer sequences for GH and GHRH-R were as previously described (Luque & Kineman 2006) . The final concentration of the primers was 300 nM. After an initial denaturation step for 10 min at 95 8C, the thermal cycling conditions were 40 cycles at 95 8C for 15 s and 60 8C for 1 min. For each sample, values were determined from triplicate measurements. Expression of cadherin transcripts was normalized to the expression level of the housekeeping gene Hprt, according to the formula Cad=HprtZ ð2
KðC t ðCadÞKC t ðHprtÞÞ Þ !1000, where C t is the threshold cycle. The optimum C t was calculated by 7500 Real Time PCR System Sequence Detection software (Applied Biosystems) and represents the number of cycles obtained at 50% of PCR reaction linear phase (logarithmic scale). C t for Hprt was about 24 cycles and remained constant between the different samples, i.e. the C t value was not affected by the phase of development.
Antibodies
The primary antibodies used in this study were as follows: rabbit polyclonal against b-catenin (sc-7199, Santa Cruz Biotechnology, Santa Cruz, CA, USA); rabbit polyclonal against N-cadherin (Calbiochem, La Jolla, CA, USA); rat monoclonal against E-cadherin (ECCD2, Takara Bio Inc., Otsu, Japan); rabbit polyclonal against cadherin-11 kindly provided by Dr R M Mege, University of Paris, France (Marthiens et al. 2002) ; rabbit polyclonal and mouse monoclonal against cadherin-8 kindly provided respectively, by Dr K Korematsu, Oita Prefectural Hospital, Oita, Japan (Korematsu et al. 1998) and Dr M Takeichi, RIKEN Center for Developmental Biology, Kobe, Japan (Suzuki et al. 2007) ; rabbit polyclonal against S100 (Sigma); and rabbit polyclonal against tubulin (Abcam, Cambridge, UK). Guinea pig polyclonal antibodies against each pituitary hormone were obtained from the National Hormone and Peptide Program, NIDDK and Dr A F Parlow, (Torrance, CA, USA). Rabbit polyclonal antibody against cadherin-18 was raised by immunizing rabbits with a synthetic peptide, corresponding to the 15 C-terminal amino acids, conjugated to keyhole limpet hemocyanin, and affinity purified using the same peptide. Specificity of the cadherin-18 antibody is shown in Supplementary Figure 1 , see Supplementary data in the online version of the Journal of Endocrinology at http://joe.endocrinology-journals.org/cgi/ content/full/JOE-09-0153/DC1.
Immunohistochemistry
Cadherin immunostaining was performed according to the method described by Korematsu et al. (1998) . Pituitaries were fixed in 4% paraformaldehyde in PBS supplemented with 1 mM CaCl 2 for 3 h at 4 8C. Then, 40 mm-thick sections were prepared with a vibratome. Thereafter, sections were washed in Tris-buffered saline containing 1 mM CaCl 2 (TBS-Ca) and incubated for 48 h at 4 8C with the relevant primary antibodies in TBS-Ca containing 0 . 1% Triton X-100, and 2% normal donkey serum (Sigma), with gentle agitation. After rinsing in TBS-Ca, sections were incubated for 2 h at 4 8C with appropriate secondary antibodies conjugated with either Alexa Fluor 488 (1:500, Molecular Probes, Eugene, OR, USA), Cy3 or Cy5 (1:1000 and 1/400 respectively, Jackson ImmunoResearch Laboratories, West Grove, PA, USA) in the same blocking solution, and finally carefully washed with TBS-Ca before mounting in Mowiol (Calbiochem). For Cadherin 18, immunostaining was performed on methanol-fixed cryostat sections obtained from unfixed frozen pituitary.
Confocal microscopy
Sections were observed under a LSM510 Zeiss Confocal laser scanning microscope equipped with a krypton/argon mixed gas laser as previously described (Chauvet et al. 2003) . Briefly, three laser lines emitting at 488, 568, and 645 nm were used for exciting the eGFP or Alexa Fluor 488-, Cy3-, and Cy5-conjugated secondary antibodies respectively. The background noise of each confocal image was reduced by averaging eight image inputs. The organization of the immunostained structures was studied on reconstructed images made by projecting z-series of 3-4 consecutive confocal images 1 mm apart. Unaltered digitalized images were transferred to a computer and Adobe Photoshop software was used to prepare final figures.
Western blot analysis
Total protein from adult anterior pituitary glands was extracted in lysis buffer (50 mM Tris, pH 7 . 5, 150 mM NaCl, 2 mM EDTA, 1% Triton X-100, 0 . 05% of SDS, protease inhibitor cocktail (Roche Diagnostics) 1 . 5 mM phenylmethylsulphonyl fluoride). The extracts were spun in a centrifuge at 16 000 g for 15 min at 4 8C, and the supernatant protein concentration determined by Bradford assay. Total protein (60 mg) for each sample was resolved on 7 . 5% SDS-PAGE. Immunoblot analyzes were performed with primary antibody raised against cad18 (1:2000) followed by detection with HRP-conjugated secondary antibody (1:10 000; Jackson ImmunoResearch) and chemiluminescence. Membranes were reprobed with an a-tubulin antibody (1:1000) to control lane loading. Intensities of cad18 bands were quantified using ImageJ software and normalized to those of a -tubulin.
Results
Differential b-catenin expression in pituitary cell types
b-Catenin is an obligatory intracellular component of all classic cadherin complexes and binds to the so-called catenin binding domain (Nagafuchi & Takeichi 1989 , Ozawa et al. 1990 . In order to determine whether catenin/cadherin complexes were present in each endocrine pituitary cell type, we examined b-catenin distribution by immunohistochemistry on sections from adult pituitary gland double-stained with antibodies against b-catenin and the different hormones produced by the gland (GH, TSH, FSH, LH, ACTH, and PRL). Overall, b-catenin was strongly and broadly expressed throughout the gland. Although the staining was mainly present at the cell membrane, some cells showed both membranous and cytoplasmic signals (Fig. 1 ). Co-staining for b-catenin and the various pituitary hormones revealed that b-catenin signal location varied according to the endocrine cell type. The strongest and most homogeneous staining was observed in somatotrophs ( Fig. 1A) and in TSH cells, where b-catenin labeling was detected both at the membrane and throughout the cytoplasm (Fig. 1B) . By contrast, the signal was less intense in LH (data not shown) and FSH cells (Fig. 1C) , where b-catenin staining was only present at portions of the cell membrane. ACTH cells were also moderately stained, with frequently discontinous membrane b-catenin labeling (Fig. 1D ). PRL cells displayed less obvious staining that was mainly restricted to heterotypic contacts between PRL and other hormone-producing cells (Fig. 1E) . Thus, while b-catenin expression was widespread and not restricted to one cell-type, its intensity of expression and cellular location differed markedly amongst the different cell types. It was most prominent in somatotrophs.
Cadherin expression within the pituitary gland and purified GH cells from puberty to adulthood
To explore the expression of classic cadherins in mouse pituitary gland and especially in somatotrophs, we took advantage of our GH-eGFP mouse model that allows the isolation of GH cells by FACS sorting from enzymatically dispersed cells. To validate GH cell purification by FACS, we measured Gh and Ghrh-R mRNA levels by real-time PCR in GH positive and GH negative cell populations obtained from 70-days-old male GH-eGFP mice. The mRNA encoding for Ghrh-R, known to be a GH cellspecific marker (Carmignac et al. 1996 , Morel et al. 1999 , McElvaine et al. 2007 , was specifically detected in GH positive cells and was virtually absent from the GH negative cell population. In addition, Gh mRNA was 75-fold increased in the GH positive cell population. Altogether, these data indicate a successful separation between both cell populations by FACS. We then quantified multiple cadherin mRNA levels by real-time PCR in both GH positive and GH negative cell populations. Figure 2 shows that among the 13 cadherins tested, pituitary glands from 70-days-old mice expressed mainly E-cadherin (E-cad), N-cadherin (N-cad), cadherin-8, 11 and 18 (cad8, cad11, cad18), the other cadherins being absent or expressed at very low levels. Cad8 and cad11 were almost absent from somatotrophs. E-cad was detected mainly in the GH negative population, while N-cad was expressed in both GH positive and GH negative cell populations. Conversely, cad18 was most abundant in the GH positive population.
The selective patterning of cadherin mRNA at adulthood raises the possibility that it could be regulated across life span. It is well known that a marked increase in episodic GH secretion occurs at sexual maturation (Robinson & Hindmarsh 1999) and at this time, the GH cell population exhibits marked spatial reorganization (Bonnefont et al. 2005) . Hence, we measured mRNA levels of the most abundant cadherins in cells isolated by flow cytometry from GH-eGFP mice at various ages (pre and post pubertal animals and adult animals), and also investigated the cellular distribution of some of these cadherins by immunohistochemistry.
Although expression profile analysis of the cadherins by real-time PCR revealed that cad8 and cad11 were present in the pituitary gland (Fig. 2) , studies in GH positive and negative cell populations at various ages showed that these adhesion molecules were exclusively expressed in GH negative cells and did not undergo major modulations in expression between 15 and 150 days ( Fig. 3A and B) . To identify which other anterior pituitary cell types express cad8 and cad11, we attempted to perform specific immunohistochemistry for these cadherins. Despite using two different well-characterized antibodies to cad8 (Korematsu et al. 1998 , Suzuki et al. 2007 , which revealed expression in early postnatal striatum as previously described (Korematsu et al. 1998) , we were unable to detect specific staining in the pituitary gland. By contrast, cad11 staining could be demonstrated, mainly localized in the cytoplasm of a few cells within the gland (Fig. 3C and D) . No cad11-positive cells coexpressed GH (Fig. 3C) or ACTH, LH, FSH, and PRL (data not shown). Remarkably, all cad11-positive cells were thyrotrophs, but not all TSH cells expressed cad11 (Fig. 3D ).
As noted above, E-cad was almost absent from adult somatotrophs (Fig. 2) . The data shown in Fig. 3E confirm that E-cad (listed as Cdh1 in the MGI Database) mRNA levels were very low in GH cells at all ages. By contrast, E-cad was highly expressed in GH negative cells 15 days after birth, gradually decreasing until 70 days and remained stable at 150 days. In the adult pituitary, E-cad labeling was particularly intense at the boundary between the intermediate and anterior lobes, in the region composed of marginal layer cells that face the residual lumen of Rathke's pouch (Fig. 3F,  arrowheads) . E-CAD (CDH1) staining was also present in cells scattered throughout the gland (Fig. 3F, arrows) , as previously reported by Kikuchi et al. (2006) . Double immunostaining of sections with antibodies against the different hormones revealed that E-CAD staining was not associated with the endocrine cell population (data not shown). To further characterize the cells expressing E-CAD, sections were double immunostained with antibodies to E-CAD and S100 protein, a marker of marginal and FS cells (Nakajima et al. 1980 , Shirasawa et al. 1983 ). E-CAD staining was restricted to marginal and FS cells ( Fig. 3G and H) , and within the anterior lobe, the labeling was limited to homotypic contacts between FS cells, and was absent from cell membrane domains involved in heterotypic FS contacts with hormone-producing cells (Fig. 3H) .
N-cad (Cdh2 as given in MGI Database) mRNA was present in both cell populations collected by FACS, being twofold higher in the GH negative than in the GH positive cell population (Fig. 4A) . In both cell populations, N-cad mRNA levels were twofold less abundant in 30-days-old mice than in 15-days-old animals, and then remained similar at 70 and 150 days. Simultaneous detection of pituitary hormones and N-CAD (CDH2) by immunohistochemistry showed that N-CAD could be detected in all adult endocrine cell types (Fig. 4B-E) . As observed for b-catenin staining, the signal pattern and intensity varied among cell types. N-CAD staining was intense at the plasma membrane of GH (Fig. 4B) , TSH (Fig. 4C), FSH (Fig. 4D) , and LH (data not shown) cells, with GH cells showing the most homogeneous labeling, and was moderate in ACTH cells (Fig. 4E) . In addition, some cytoplasmic staining for N-CAD was observed in TSH cells. N-CAD staining was not obvious at homotypic contacts between PRL cells and was present at some heterotypic contacts between PRL and other hormone-producing cells (data not shown).
Cad18 (Cdh18 as listed in MGI Database) was the sole cadherin with mRNA levels much higher in the GH positive population than in the GH negative population (Figs 2 and 5A). At each age studied Cad18 mRNA was expressed at very low levels in the GH negative population, and its relative expression in GH cells was highest at 15 days and then progressively decreased (twofold between 15 and 150-daysold animals). To further characterize CAD18 (CDH18) Figure 2 Cadherin expression profile in anterior pituitary from adult mouse. GH cells were isolated from 70-days-old GH-eGFP male mice by FACS analysis. Expression levels of mRNA encoding for classic cadherins were quantified by real-time PCR in GH positive cells (GHC) and GH negative cell population (GHK). Cadherin repertoire in mouse anterior pituitary was restricted and selective. E-cad, N-cad, and cad8, 11 and 18 were predominantly expressed. N CHAUVET and others . Cadherin profile in the adenohypophysis protein distribution at the protein level, we developed an antibody specifically directed against this protein (characterization of this antibody is available in Supplementary  Figure 1) . By western-blot analysis (Fig. 5B) , this antibody recognized a band at 115 kDa, the expected size for cad18 (Shimoyama et al. 1999) , in extracts from the adenohypophysis obtained from wild-type animals. The intensity of this band was markedly reduced (almost 80%) in adenohypophysis extracts from M2-GHRH mice, a model in which the GH cell population is strongly hypoplastic, as a consequence of GHRH neurons ablation by targeted expression of the M2 viral channel (Le Tissier et al. 2005) . These results suggest that CAD18 was present mostly in GH cells. Immunostaining on cryostat sections from unfixed pituitary obtained from 70-days-old GH-eGFP animals revealed that a majority of GH-positive cells exhibited a moderate staining for CAD18 at their membrane surface, very often observed at cell-cell contacts between GH cells (Fig. 5C ). Although CAD18 staining was mainly localized in GH cells, some labeling could also be detected in a few GH negative cells. Double immunostaining for CAD18 and pituitary hormones showed that CAD18 was absent at least from TSH and ACTH cells ( Fig. 5D and E), since on this histological preparation, we were unable to detect LH, FSH, and prolactin hormones. Remarkably, some intense CAD18 staining was found at the boundary between the intermediate and anterior lobes (Fig. 5F ), suggesting that marginal cells could express CAD18. Double immunostaining for E-CAD and CAD18 revealed that both were present in marginal cells where they displayed a differential distribution since they were only partially colocalized (Fig. 5F ). Within the anterior lobe, E-CAD positive contacts between FS cells harbored CAD18 labeling (Fig. 5G ).
Cadherin expression within the pituitary gland during development
Since the maturation of the GH and FS cell networks takes place during the embryonic and postnatal period, we examined postnatal changes in E, N, and CAD18 expressions by real-time PCR and immunohistochemistry. Analysis of Cad18 mRNA expression using whole glands revealed that it was expressed at very low levels during the first postnatal week: its relative expression was around 35-40 in glands from P1 to P6 animals. By contrast, N-cad mRNA was highly expressed at P1, and then progressively decreased to reach a nadir at sexual maturity (Fig. 6A) ; a similar decreasing profile was observed for E-cad (Fig. 6B) . Clearly, therefore, various cadherins are regulated differentially during postnatal pituitary growth. However, the decline in E-and N-cad mRNA expressions from birth prompted us to look at their cellular distribution in the pituitary during earlier development.
We thus examined N-and E-CAD distribution from E15.5, when GH cells appear and begin to be organized, to P10 (Fig. 6C-L) . At E15.5, N-CAD staining was the most intense in the ventral part and at the periphery of the lateral wings of the adenohypophysis, while the central part of the gland exhibited a weak to negative labeling (Fig. 6C) . From E18.5 to P1, N-CAD staining expanded throughout the gland (Fig. 6E and G) , and after birth, the intensity of this uniform staining decreased (Fig. 6I and K) , in accordance with the mRNA level measurements (Fig. 6A) . By contrast, a different pattern of expression prevails for E-CAD. An intense and broad labeling was observed at E15.5 (Fig. 6D) . By E18.5, some areas within the gland, especially in ventral and lateral regions, had lost this intense labeling (Fig. 6F) . The decrease in E-CAD was even more apparent by birth (Fig. 6H) , with the staining most intense in the remnants of Rathke's pouch lining cells, and in some patches of cells dispersed throughout the gland. Furthermore, these patches could be seen to be linked together and to Rathke's pouch by moderatly E-CAD positive rows of cells. At P4 and P10, E-CAD staining was further decreased, with immunoreactivity only maintained in the residual Rathke's pouch and in a few cells scattered throughout the gland (Fig. 6J and L) . Interestingly, this pattern of expression observed at P10 was similar to the adult distribution. Altogether, these results indicate that, during embryonic stages, E-and N-CAD displayed very distinct changes in their expression patterns, with a progressive switch between E-and N-CAD expressions.
In order to establish the relationships between the drastic changes observed in E-CAD distribution and the ontogenesis as well as the topology of the hormone-producing cells, we performed simultaneous immunodetection for both E-CAD and hormones. The appearance of pituitary endocrine cells follows a well-described temporal sequence ( Japon et al. 1994 , Zhu et al. 2007 . At E15.5, the earliest embryonic stage studied, the gland contains corticotrophs, the first pituitary cell type to reach terminal differentiation at this time, and immature somatotrophs (Bonnefont et al. 2005) . At this stage, the majority of GH cells were strongly labeled for E-CAD (Fig. 7A) . Remarkably, most ACTH cells located at the ventral and lateral surface of the gland were almost devoid of E-CAD, whereas the few cells distributed deeper within the adenohypophysis showed a strong to moderate labeling (Fig. 7A) . At E18.5, E-CAD was maintained in the majority of GH cells, but was absent from most, if not all, ACTH cells (Fig. 7B) . We also examined E-CAD staining in TSH and LH/FSH cells that appear between E15.5 and E18.5. Most TSH cells expressed E-cad (Fig. 7C) , while a small proportion of LH/FSH cells were labeled (Fig. 7D) . At birth, a substantial proportion of GH and TSH cells were still immunopositive for E-CAD and were in close contact with strongly E-CAD positive cells, together forming either the cell ensembles or N CHAUVET and others . Cadherin profile in the adenohypophysis the rows of cells as previously described ( Fig. 7E and F ; Supplementary Movie, see Supplementary data in the online version of the Journal of Endocrinology at http://joe. endocrinology-journals.org/cgi/content/full/JOE-09-0153/ DC1). Conversely, LH cells (Fig. 7G) , FSH, and ACTH cells (data not shown) lacked E-CAD staining. These results thus indicate that, at birth, the GH cell network and TSH cells were associated with the specific E-CAD distribution pattern, while LH/FSH and ACTH cells were not.
During pituitary development, a switch between E-and N-CAD expressions is observed within the gland ( Fig. 6C-L ; Kikuchi et al. 2007 ). However, the pattern of E-CAD distribution differs between endocrine cell types (Fig. 7) . Thus, we further examined the differential expression of both cadherins within the various hormone-secreting cells (Fig. 8) . At E15.5, GH cells expressed E-CAD at a high level, while N-CAD staining first appeared in GH cells located within the ventro-lateral part of the gland (Fig. 8A, arrows) . By contrast, ACTH cells exhibiting no or very low labeling for E-CAD were N-CAD positive (Fig. 8B, arrowhead) , and only a few cells coexpressed both E-and N-CAD (Fig. 8B,  asterisks) . At E18.5, N-CAD staining increased in the entire gland (as shown in Fig. 6E ) and colocalized with E-CAD in the majority of GH and TSH cells (Fig. 8C and D) . Conversely, LH/FSH cells that stained very weakly for E-CAD were strongly labeled for N-CAD (Fig. 8E, arrowheads) . Altogether, these results indicate that N-CAD appearance and E-CAD loss occur with differential temporal sequences in the various cell types.
Discussion
We report here that the murine anterior pituitary gland expresses a restricted repertoire of classic cadherins since only five proteins were detected: E-and N-CAD; CAD8; 11; and 18. Interestingly, the cadherin expression profile is cell-type specific. CAD11 is specifically expressed in TSH cells, and E-CAD is a molecular component of the FS cell network. CAD18 is expressed in somatotrophs, marginal, and FS cells. N-CAD exhibits an ubiquitous expression pattern, however, with different levels of expression between endocrine cell types. Thus, each cellular type is characterized by a specific cadherin expression pattern that can undergo major modulations during pituitary tissue remodeling events. (C and D) , E18.5 (E and F), P1 (G and H), P4 (I and J), and P10 (K and L) mice. From E15.5 to P1, a switch between E-and N-CAD expressions occurred. N-CAD staining appeared first in the ventral and the most lateral part of the gland (C), and then extended towards the center (E), to finally be homogenously distributed throughout the gland at birth (G). By contrast, E-CAD labeling was initially intense and homogenous (D) and decreased progressively to lead to a peculiar E-CAD distribution pattern at E18.5 (F) and P1 (H). Asterisk in F shows the Rathke's pouch. After birth, the signal intensity of both cadherins diminished (I-L). Arrow in L indicates the residual Rathke's pouch. Scale bar, 50 mm.
Cadherin expression repertoire displays plasticity
A specific pattern of cadherin expression identifying different cell types seems to emerge very early during development. Indeed, we showed that the various endocrine cell types undergo a differential temporal control of switching of expression from E-CAD to N-CAD. Interestingly, we observed a rapid and concomitant E-CAD loss and N-CAD appearance in ACTH and LH/FSH cells, while in GH and TSH cells, E-CAD loss was delayed, with both molecules co-expressed before E-CAD disappeared. Thus, distinct cellspecific cadherin expression profiles are specified during pituitary development.
It is worth noting that cadherin subtype switching during anterior pituitary development is dependent on cell lineage. Signaling between and within the developing hypothalamic and pituitary tissues initiates transcription factor-mediated programs of cell proliferation and differentiation that establish the hormone-secreting cell profiles of the mature gland (Watkins-Chow & Camper 1998 , Drouin 2006 . Hence, GH and TSH cells belong to the same cell lineage since they derive from a common Pit1-positive precursor, while ACTH and LH/FSH cells originate from distinct cell lineages. Thus, the mechanisms underlying cadherin switching may involve cell lineage-specific regulator factors, and are probably highly complex since cadherin expression and activity can be modulated by various mechanisms including transcriptional and posttranscriptional regulation (for review, see Halbleib & Nelson (2006) ). Whether E-CAD loss and/or N-CAD appearance, is/are necessary for the onset of hormone production is unknown. In the pancreas, N-CAD appears concomitantly with hormone synthesis during endocrine cell differentiation (Esni et al. 2001) .
Many studies of development have demonstrated that cell adhesion molecules are expressed under a precise spatial and temporal control: appearance or loss of cadherins has been described as being generally correlated with morphogenetic events such as rearrangements, segregation, or association of cells (Hatta et al. 1987 , Rukstalis & Habener 2007 . Indeed, subtype switching is a prominent physiological feature of cadherin morphogenetic function during development, especially when epithelial-mesenchymal transition (EMT) takes place (Halbleib & Nelson 2006) . During EMT, cells showing cadherin subtype switching are able to delaminate from the tissue and migrate over long distances (Acloque et al. 2008) . Thus, EMT, a crucial process involved in tissue remodeling and cell migration, may play a major role in anterior pituitary organogenesis, and cadherins may be involved in this process as recently suggested by Himes & Raetzman (2009) .
Putative role of cell-type specific cadherin expression patterns in network formation and function
This study has shown that each pituitary cell type in the adult can be characterized by a unique cadherin expression profile. Numerous studies devoted to the multiple roles of cadherins during neuromorphogenesis have shown that the complexity of the pattern of cadherin expression increases with brain development and defines specific neural circuits (Redies et al. 2003 , Suzuki & Takeichi 2008 . More precisely, some brain structures expressing the same cadherin subtype are functionally related and connected by fiber tracts (Suzuki et al. 1997) . The existence of cell-type specific cadherin expression has also been reported in the testis where cell adhesion is likely to be of critical importance for spermatogenesis ( Johnson et al. 2000 , Johnson & Boekelheide 2002 . All testis cell types express one or more cadherin family members, and each cell type can be differentiated by its unique cadherin expression profile.
The cell-type specific cadherin profiles could play an important role in pituitary cell specification. It has been found that, besides the crucial role played by homophilic binding specificity in determining cell-sorting behavior (Gumbiner 2005 , Halbleib & Nelson 2006 , the level of cadherin expression, and therefore the strength of cell adhesion, influence cell-sorting, independently of the type of cadherin expressed (Duguay et al. 2003 , Foty & Steinberg 2005 . Distinct cadherin expression repertoires could lead to specific cadherin-mediated signaling events or quantitative differences in adhesion, and in turn could contribute to the process of intercellular recognition. It is interesting to note that somatotrophs, which express high levels of N-CAD, are strongly cohesive when they are organized in clusters (Bonnefont et al. 2005) , suggesting that N-CAD may participate in the segregation of pituitary endocrine cells. By ensuring a strong cohesion between somatotrophs, N-CAD could also be involved in the robustness of the network. Therefore, N-CAD could be an architectural component of the GH cell network and its fate in the adulthood. Furthermore, E-CAD, which is present only in marginal cells and at contacts between FS cells, may have an important role in the maintenance of FS cell network architecture via its function in cadherin-mediated cell adhesion. On the other hand, CAD18, which is expressed in FS and GH cells, could be involved in the maintenance of both networks and potentially participate in heterotypic contacts between FS cells and GH cells. The presence of CAD11 exclusively in TSH cells suggests that this cell type may also be organized within the pituitary, via CAD11-mediated cell adhesion. Regarding PRL cells, their three-dimensional organization (Mollard & Le Tissier unpublished data) may rely on different cell/cell communication mechanisms, since b-catenin and N-CAD distribution in these cells differ strikingly from the other pituitary cell types.
In conjunction with their role in the formation of cellular networks, cadherins may be involved in their functional organization. CAD18 expression in GH cells is low during the perinatal period and is increased as GH becomes important in terms of growth. This suggests that this cell adhesion molecule may not be crucial during development, but rather may play a role during sexual maturation when GH network undergoes profound remodeling and plasticity (Bonnefont et al. 2005) . Atsumi & Takeichi (1980) first suggested that cadherin must be present for the genesis of the gap junctions, and it is now well recognized that cadherins play a critical role in connexin assembly, trafficking and functional gap junction cellular coupling (Giepmans 2004 , Li et al. 2006 . Gap junctions provide intercellular communication within the FS cell network (Soji et al. 1997) and, interestingly, are associated with its development and maturation: in male rats, in parallel to the FS network formation (starting 10 days after birth), a concomitant increase in the number of gap junctions in each follicle is observed with a maximum in 40-days-old animals (Soji et al. 1997 ). E-CAD distribution observed 10 days after birth is identical to the adult pattern, suggesting that this molecule may have a role in the formation of the FS network. Since cadherin-mediated cell-cell adhesion is a prerequisite for formation of gap junctions (Hertig et al. 1996 , Giepmans 2004 , one can speculate that E-CAD could play a role in gap junction establishment between FS cells, and therefore E-CAD could participate in the function of the FS cell network.
In summary, the present study shows that each pituitary cell type exhibits a unique and dynamic cadherin expression profile. The characteristic presence or absence of various adhesion molecules in distinct cell types, as well as their level of expression, could constitute a qualitative and quantitative cellular bar code that may participate both in the differential segregation of anterior pituitary cells, and in the establishment and maintenance of their cellular network organization. It is possible that alteration of this code may lead to disturbance in gland function and organization in pathological conditions. In addition, gland formation is associated with cell-specific spatial and temporal changes in cadherin expression. These results suggest that pituitary development involves morphogenetic events (cell sorting, migration, EMT.), which have been described in highly organized organs such as the brain but still not identified in the pituitary gland. These highly dynamic and plastic events presumably rely on cadherin expression and activity, but also probably require a more complex cellular pattern of expression enabling multiple communication pathways to work in concert.
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